Chromatin receptor proteins appear to mediate some actions of thyroid hormone. In this study, sheared mammalian chromatin containing [125Itriiodo-thyronine (T3) bound by these receptors was separated using sucrose gradient velocity sedimentation. T3-receptor complexes were distributed throughout the chromatin fractions, but were enriched in the slowly sedimenting fractions. The latter contain most of the template capacity for RNA synthesis and most of the endogenous RNA polymerase activity but a minor portion of the total DNA. Formaldehyde treatment of chromatin containing receptor-bound [1261IT3 resulted in fixation of radioactivity, as evidenced by its migration with chromatin after equilibrium density gradient sedimentation in both cesium chloride and Conray. This fixation implies that the T3 receptor protein is closely associated with chromatin. These results suggest that proteins involved in the regulation of gene function may be nonrandomly distributed within chromatin subfractions, and are consistent with a direct role for thyroid hormone in regulating genetic expression.
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Thyroid hormones play a key role in vertebrate development and maintenance (1) (2) (3) . Recently, high-affinity, limitedcapacity binding sites for triiodothyronine (T3), and thyroxine (T4), which appear to be receptors for these hormones, have been found in target cell nuclei (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . The concentrations of T3 or T4 required for binding to these receptors and for bioreactivity are similar (6) , and there is a good correlation between the ability of thyroid hormone analogs to inhibit T3-receptor binding and to promote the biological effect (15). Studies of thyroid hormone analogs also suggest that T3 and T4 function through physical interactions, such as with receptors, rather than through chemical reactions involving iodine or quinones (16) .
The thyroid hormone receptors appear to be salt-extractable, acidic chromatin proteins (5, 8, 10, 11) . The possibility that thyroid hormones act at the chromatin level is also consistent with findings that these hormones influence RNA synthesis (3, 17, 18) . Thus, the receptors may represent an identifiable acidic chromatin protein which possibly regulates the expression of specific genes. In the present studies, the T3 receptor association with chromatin and distribution within sheared chromatin subfractions (19, 20) have been explored.
METHODS
HeLa cells were grown in suspension culture in Joklik modified minimal essential medium containing 10% calf serum (21) .
When required, HeLa cell DNA was labeled with 0.1 ,Ci/ml of [3H]thymidine (8 Ci/mmol, Schwarz/Mann) for 24 hr.
Drosophila melanogaster embryonic cells (Schneider's line 2, kindly provided by Beatrix Levy W.) were grown as described elsewhere (22) . Unless otherwise stated, subsequent procedures were performed at WA4o. HeLa or Drosophila cells were washed twice with 75 mM NaCI, 24 mM EDTA (pH 8.0), and then disrupted in a loose-fitting Dounce homogenizer with 30 volumes of the same medium containing 0.5% Nonidet NP40 (Shell). The homogenate was centrifuged at 600 X g for 10 mil, and the pellet was washed twice with 30 volumes of the latter medium and resuspended in 10 ml of incubation buffer.
Rat liver nuclear preparation and incubation procedures have been described in detail elsewhere (10 (20, 25, 26) .°F or study of RNA polymerase (nucleosidetriphosphate RNA nucleotidyltransferase; EC 2.7.7.6), HeLa nuclei were purified by sedimentation through 2 M sucrose (27, 28) . Chromatin (29) was suspended in 10 ml of 1 mM Tris, 0.1 mM EDTA, 0.5 mM dithiothreitol, and 5% glycerol (pH 8.0), washed by centrifugation, resuspended in 10 ml of the same buffer, and sheared in a French pressure cell at 3,000 pounds/inch2. It was then applied (300 ug of DNA) to a 12-ml 7.5-75% (v/v) glycerol gradient containing 10 (30) . The mixture was incubated at 370 for 30 min and then assayed for radioactivity as described above (28) .
RESULTS
Nuclear Binding of [125IJT3. As shown in Fig. 1 , HeLa cell nuclei specifically bind [1251]T3. In contrast, Drosophila nuclei exhibit no detectable specific binding. Table 1 shows that almost all the [1251]T3 in chromatin is specifically bound and presumably associated with the receptor. Fig. 2 illustrates the T3 concentration effect on HeLa cell nuclear binding, and a Scatchard analysis of the data suggests a single class of highaffinity sites. The apparent equilibrium dissociation constant is about 0.1 nM and the capacity is about 0.5 pmol/mg of DNA. These binding characteristics are similar to those obtained with T3 receptors in liver (9, 10) and GH, cell (6, 9) nuclei.
Distribution of RNA Polymerase Activity and Bound [1251IT3 in Chromatin Subfractions. As illustrated in Fig. 3 , sheared chromatin from HeLa cells, like that from other eukaryotic tissues (19) , can be separated into two major fractions by sucrose gradient sedimentation. The slowly sedimenting fraction is more active in transcription, as defined by its endogenous RNA polymerase activity (Fig. 3A) . Moreover, the slowly sedimenting chromatin fraction contains almost all the "template" capacity for RNA synthesis (Fig. 3B ) and also exhibits a lower protein per DNA ratio than the rapidly sedimenting fractions (20) . Fig. 4 (Fig. 4) . These studies suggest that thyroid hormone receptors are preferentially concentrated in more slowly sedimenting chromatin. HeLa cell chromatin was studied primarily because it has been characterized more extensively in terms of the distribution of endogenous polymerase and template activity than has liver chromatin. Nevertheless, we also found receptor-bound T3 to be preferentially concentrated in the more slowly sedimenting fractions of sheared liver chromatin.
Formaldehyde Fixation of [125f]T3 to Rat Liver and HeLa Cell
Chromatin. Some chromosomal proteins may be fixed to chromatin by formaldehyde treatment (24) . Fig. 5 liver chromatin after formaldehyde treatment and sucrose gradient sedimentation is shown in Fig. 6 . As with unfixed preparations, chromatin is separable into two major fractions. Further, the distribution of bound T3 is similar to that observed in unfixed chromatin, with a fourfold enrichment in the slowly sedimenting chromatin. As in the experiments described above, inclusion of competitor nonradioactive T3 in the binding reaction prior to fixation abolished the peak of bound radioactivity. Even after formaldehyde treatment, subfractions of chromatin are separable and the nonrandom distribution of specifically bound T3 is observed. These data argue that the T3 distribution shown in Fig. 4 is not due to progressive T3 dissociation throughout the centrifugation. Chromatin can also be separated on the basis of its buoyant density in Conray (20, 25) . Chromatin-bound [1251]T3 that is not formaldehyde-treated bands at the density of free protein (1.27) rather than chromatin (Fig. 7A) . In contrast, after chromatin bound by [125I] T3 was fixed with formaldehyde before centrifugation (Fig. 7B) , most of the radioactivity was (Figs. 3A and 4) . Since the slowly sedimenting chromatin fractions exhibit a somewhat lower proportion of protein relative to DNA (20) , most of the template capacity (Fig. 3B) , and thus possibly more "open" DNA, it is conceivable that the receptors are preferentially concentrated in slowly sedimenting chromatin simply because of their high affinity for DNA. We have reported elsewhere that solubilized Trreceptor complexes do bind to pure DNA (32, 33) .
After formaldehyde fixation, receptor-bound T3 is bound to chromatin, as evidenced by banding of radioactive T3 with chromatin in both cesium chloride and Conray gradients. Formaldehyde-treated chromatin, fractionated by sucrose gradient sedimentation, resulted in a preferential concentration of bound T3 in the more slowly sedimenting fractions, as was the case for untreated chromatin. The Conray studies also revealed a portion of formaldehyde-treated chromatin with a higher concentration of T3. However, this was not seen in the experiments using cesium chloride. The explanation for this discrepancy is not clear; however, it could conceivably be due to chromatin aggregation in cesium chloride (34) . Few specific proteins known to interact with chromatin have been identified, and, of these, both histones and E. coli RNA polymerase are fixed to chromatin by formaldehyde; in contrast, 90% of non-histone chromosome-associated proteins are not fixed to chromatin by formaldehyde (20) . It appears that the formaldehyde fixation may indicate the presence of proteins most tightly associated with chromatin (20) . The (32, 35) .
